In late September and early October 2003, we conducted a survey of public attitudes on energy use and environmental concerns. Over 1,200 people, representing a general population sample of the United States, responded. The survey asked seventeen questions about the environment, global warming, and climate changemitigation technologies. In addition, a full set of demographic data was provided for each respondent.
Introduction
In late September and early October 2003, we conducted a survey of public attitudes on energy use and environmental concerns. Seventy percent of those asked responded to the survey (1,205 people out of 1,710), representing a general population sample of the United States.
Researchers at MIT and the University of Cambridge in collaboration with staff at Knowledge Networks, a consumer information company specializing in Internet-based public opinion surveys, designed the survey to reveal attitudes toward and understanding of carbon dioxide capture and storage (CCS) as part of broad range of questions about energy and the environment. The survey included seventeen questions plus an additional three demographic questions. Knowledge Networks provided 24 supplementary demographic variables from their database. The demographic variables included respondent characteristics such as age, location, education level, and income level. Four of the survey questions referred specifically to carbon capture and storage or carbon sequestration. Initial versions of the survey included more questions about CCS, but the focus shifted to reduce respondent bias toward or away from CCS. A detailed analysis of the survey responses and a copy of the full questionnaire are available in Public Awareness of Carbon Capture and Storage: A Survey of Attitudes toward Climate Change Mitigation [1] .
Knowledge Networks has recruited an online research panel designed to be representative of the entire U.S. population and conducts their surveys using the Internet. Knowledge Networks recruits households for their membership panel using a probability sampling technique called random digit dialing [2] . Selected households are provided free hardware and Internet access. Each household receives identical hardware, even if they already own a computer. When drawing a random sample to complete a survey, Knowledge Networks draws from this large, national membership panel.
The survey responses are analyzed to answer the following questions:
• What are public attitudes toward global warming and climate change-mitigation technologies?
• What is the level of public understanding of global warming and carbon dioxide capture and storage (or carbon sequestration)?
• What is the effect of information (national energy usage and price data) on public preferences?
• What lessons do the survey results suggest for public outreach campaigns?
Public Attitudes
Four of the survey questions addressed general attitudes towards the environment or spending on the environment. Figure 1 shows public opinions on the issues facing the United States at the time of the survey. The survey included the 22 issues and asked the respondents to choose the three most important issues. The environment ranks thirteenth on the list. The results are consistent with those Gallup reported for a similar timeframe [2] . Respondents who chose the environment in response to this question are considered concerned about the environment. Concern about the environment was not a strictly partisan issue. Of Republicans surveyed, 7.3% listed the environment compared to 7.8% of Democrats. A higher number of independents, 17.5%, said they were concerned about the environment. Figure 2 shows public opinion about specific environmental problems. The survey included 10 environmental problems and asked respondents to choose the two most important issues facing the United States. As the figure shows, global warming ranked sixth out of the issues in the survey. Among those who listed the environment as one of their top three concerns, global warming was the third highest ranked concern (27% ranked it as first or second) preceded by destruction of ecosystems (60%) and water pollution (29%). In a recent Gallup Poll (March [8] [9] [10] [11] 2004 , N=1,005 adults nationwide. Margin of error ± 3), global warming ranked ninth on a list of 10 comparable environmental problems that respondents were worried about when asked "if you personally worry about this problem a great deal, a fair amount, only a little, or not at all. How much do you personally worry about [specific environmental problem]?" [3] .
Public Understanding
A major concern when eliciting views on a subject such as the environment is the ability of the public to understand the policy options and the underlying issues. Figure 3 shows the results of a question focused on whether respondents had heard of or read about 10 different technologies or energy sources in the past year. The question included the list of technologies shown in the figure. Respondents could select as many technologies as they wished or could answer "none of these." Note that almost 17% of the sample selected "none of these". The recognition of carbon capture and storage and carbon sequestration is minimal. The only demographic indicator that distinguishes those who have heard of carbon sequestration and carbon capture and storage from those who have not heard of either is education. At the 90% confidence level, those who have heard of either of the technologies are slightly more educated.
This question is sensitive to the bias that respondents might say that they have heard of a particular item to give the expected answer or to appear knowledgeable. The possible presence of this bias makes low response rates for carbon capture and storage and carbon sequestration even more striking since polls will tend to overstate recognition. Clearly, very few people have heard of these technologies.
We constructed a question asking respondents to identify sources and sinks of CO 2 . The question asked if specific technologies or systems increased CO 2 , decreased CO 2 , or had no impact on CO 2 . Respondents could answer that they were not sure. Table 1 shows responses for selected technologies and systems. The public is generally correct about automobiles, coal burning power plants, and factories being sources of CO 2 . They are less certain about home heating being a source of CO 2 . Notably, the public is uncertain about nuclear power plants being CO 2 sources and oceans being CO 2 sinks. The misperception that nuclear facilities contributes to global warming found in many other studies [4, 5] has serious policy implications given the long-standing debate over nuclear power and the hopes of the nuclear industry for renewed support as a carbon-free alternative source of electricity.
Researchers often use the term "carbon sequestration" to refer to the uptake of CO 2 by plants as trees. Table 1 shows that the public is largely familiar with the idea that trees uptake CO 2 while Figure 3 shows that the public is unfamiliar with the term carbon sequestration. Thus, it is not the phenomenon of CO 2 uptake by trees that is misunderstood but the term frequently used by experts to describe it.
The survey included a question specifically about carbon capture and storage and carbon sequestration. The question asked respondents to choose the environmental concern that carbon sequestration or carbon capture and storage is able to address. Respondents could choose more than one concern. Table 2 shows the responses. A large number of respondents were unsure about what environmental concern the technology addresses. In the entire sample, the number who answered the question correctly is within the margin of error. Less than 0.5% (5 respondents out of 1,205) answered the question correctly (marking "can reduce" for global warming and "not sure" or "does not reduce" for the remaining answers). Interestingly, about the same number of respondents (7) answered the question completely incorrectly (marking "not sure" or "does not reduce" for global warming and "can reduce" for all the other concerns). Over half the respondents (58%) answered "not sure" for all the concerns.
The small number of respondents who said they had heard of carbon capture and storage (n=46) were no more likely to answer the question correctly. However, they were more likely to attempt to answer the question. Only fourteen percent of those who had heard of carbon capture and storage answered "not sure" for all of the concerns. The results for the 3% who said that they had heard of or read about carbon sequestration in the past year are similar to those who had heard of or read about carbon capture and storage.
Effect of Price Information on Preferences
The survey included a question asking about willingness of the respondent to pay more on his or her monthly electricity bill to "solve global warming." Respondents were asked "If it solved global warming, would you be willing to pay [dollar value] more per month on your electricity bill?" The first dollar value offered as a response was $5. If the respondent answered yes, the dollar value increased to $10. A second yes response increased the dollar value to $25, followed by $50, and $100. Figure 4 provides a breakout of the responses. Based on the responses, the average expressed willingness of the public to pay to solve global warming is approximately $6.50 per month. Statistical analyses suggest that while concern about the environment increases willingness to pay, neither household income nor the monthly electric bill has a significant impact on expressed willingness to pay [1] .
The survey included an experiment that further explores price sensitivity. The experiment measures the effect of price and electricity production information on public preference for alternative approaches to address global warming as it relates to electricity production. The question gave respondents seven choices for addressing global warming and asked them to choose the one that they preferred. About half of the survey respondents (n=691) received no information and about half of the survey respondents (n=614) received the information about the fuels used to produce electricity in 2002 [6] plus the following cost information [4, 7] :
• Using coal and natural gas, the typical family pays $1,200 per year for electricity.
• Using all nuclear power would emit no carbon dioxide and would increase electricity cost for families to $2,400 per year.
• Using carbon sequestration along with coal and natural gas would reduce carbon dioxide emissions by 90% and would also increase electricity costs to $2,400 per year.
• Using renewables (solar and wind power) would increase annual electricity costs to $4,000
This price information was not meant to be exact, but was meant to clearly distinguish relative costs between the technologies to determine whether the public maintained their support for renewable energy in the face of higher prices. It should be noted that on a regional or local level, there are economically competitive sources of renewable energy (wind turbines, hydropower, etc.) that are cheaper than the costs described above. Table 3 shows the responses for the two groups. This experiment takes advantage of the fact that the public is generally supportive of renewable sources of electricity but largely unaware of the costs associated with these sources. If the public were more aware of the cost difference between renewable electricity and current electricity sources, the difference between the two cases would not be as striking. Similarly, if the public were more aware that nuclear power does not produce carbon dioxide then they might be more willing to support the technology. Table 3 shows that respondents moved away from the most expensive option when presented with cost and emissions data. This suggests there is a limit to willingness to pay as the price of the option increases. Moreover, survey responses to questions on willingness to pay are known to overstate actual behavior when asked to pay significant sums for environmental amenities. Thus, one would expect an even more precipitous decline in public support if they were aware of such a large discrepancy in price and able to choose the cheaper option.
The results of this experiment suggest that the public is sensitive to the price of options directed at solving global warming. In the no information case, 49% of respondents choose renewable energy sources. When provided price information showing that the annual cost of switching to an all-renewable electricity portfolio is over three times the current fossil fuel portfolio cost, the number of respondents choosing renewable electricity drops in half to 25%. This replicates the results of the MIT Future of Nuclear Power study [4] . Note that in Table 3 , even in the case with information, renewable electricity retains a considerable amount of support relative to the other options.
There is no clear winner when respondents shift away from renewable electricity. When respondents receive cost information, they do not move to a particular alternative. Reduction in consumption fares slightly better in the information case but may not have been embraced because it was put in terms of the tradeoff between a reduction in consumption and lower economic growth.
The largest increase in support from the no information case to the information case is for fossil fuel-based electricity with carbon dioxide capture and storage. There is a 195% increase in the number of respondents choosing fossil fuels with carbon capture and storage when price and current production information are given. It is not clear if this shift is in response to the technology or to the cost. Respondents may be reacting to the idea of using fossil fuels as opposed to the idea of using carbon capture and storage.
Implications for Public Acceptance
The survey shows that a very small portion of the public has heard of CCS and a negligible number can correctly identify what environmental problem it addresses. When asked in our survey if they would consider using this technology to address global warming, 38% said they were not sure if they would or would not use the technology. This lack of awareness and uncertainty suggests that the public will only slowly begin to develop opinions about CCS over the coming years and decades (assuming the number of experimental, demonstration, and commercial operations continue to increase). Early successes or failures will therefore likely have important implications for public perceptions.
The results of the survey do not suggest specific actions to increase awareness of CCS; the number of respondents that had heard of CCS was so small that it was impossible to draw clear conclusions about public perception towards the technology. However, taking a step away from CCS, the survey does provide some ideas about attitudes toward climate change and climate change mitigation.
While the survey shows that public generally understands correctly that automobiles, factories, and coal burning power plants emit CO 2 , the survey also shows the public is confused about whether nuclear power plants, home heating, and oceans increase or decrease CO 2 . These results suggest that there are serious gaps in public understanding of the sources that release CO 2 to the atmosphere and that these gaps affect not only a new technology such as CCS but also such longstanding, visible technologies as nuclear power plants [4, 5] . A program to increase awareness of CCS should not assume that the public is aware of the effect of older, better-established technologies on climate change.
It is important to note that the technologies that received the greatest recognition and popular support in the absence of information were renewable energy technologies. The experiment of providing electricity cost and production data to half of the sample population showed that the public is largely uninformed about the cost of renewable electricity although a significant fraction continues to support renewable energy when presented with information that shows that it is more costly than other options. This experiment suggests that accurate price information is essential to the public making a decision about climate change. Awareness and understanding of technological options might not be as essential as awareness of the cost of technological options.
Over the next years and decades, the public will likely begin to form opinions about CCS. It is probable that the influence of popular public opinion on CCS policy will be limited in the early stages of development. Commercial CCS projects are already underway in parts of the world and there are a number of experimental and demonstration projects underway in the United States. Historically, policy makers in the government and the energy industry make the decisions about research allocation and facility placement without much public input [8] . Public perceptions usually only enter the debate when there is local opposition to project siting. The current lack of saliency and public awareness implies that engaging environmental groups or community groups that are just beginning to become aware of the issue will be more effective in the near term than trying to involve the general public.
The not-in-my-backyard (NIMBY) effect (or not-under-my-backyard (NUMBY) effect as Huijts calls it [9] ) will probably have a stronger impact on the development of CCS than the general public sentiment. In the early stages of development, local residents will be asked to take a cost for the global good. There will be diffuse benefits and concentrated costs, a situation where opposition is traditionally very effective.
Communicating the risks of CCS to local residents will be a difficult task. Researchers from Carnegie Mellon University and the Georgia Institute of Technology recently published a book on communicating risk [10] . One danger they identify is that the risk communicator operates from a biased position. While developing methodologies for communicating the risks of CCS, one has to be aware of internal biases and the fact that local communities might be asked to bear a risk while the global society benefits.
Although the survey attempted to examine the relationship between those that considered global warming to be a serious problem and willingness to pay for action to reduce climate change, it is too early to tell whether, for example, an education campaign on the risks of climate change would noticeably increase support for CCS or reduce local opposition in future efforts to site CO 2 storage facilities. Wind power has generated considerable local opposition in spite of widespread recognition that wind energy would mitigate climate change as reflected in our survey and others. Given the diffuse nature of the benefits to the climate, local concerns will need to be addressed through a process seen as fair by the local community.
Recent surveys of public attitudes toward CCS suggest that an open decision-making process with clear avenues for introducing public comments and concerns will aid in the acceptance of the technology [9, 11] . Keeping the process open will help address some of the concerns that the government and industry working alone might not recognize or appreciate.
Conclusions
A number of public surveys conducted over the past 10 years show belief in global climate change and support for action to address it [10, 12, 13] . However, the public is uncertain about what actions are available to address climate change. In fact, the public is uncertain about what exactly is causing climate change and often links climate change to increased pollution as opposed to increased concentrations of greenhouse gases.
The important conclusions from the survey are:
• The environment is not a pressing concern for the majority of the public.
• Global warming is not the top environmental concern (even among those who are concerned about the environment).
• Very few people in the United States have heard of CCS.
• Those who have heard of CCS are no more likely to know what environmental concern it addresses than those who have not heard of CCS.
• A large portion of the public supports investment in renewable energy technologies but that support decreases when cost information that suggests they are more expensive than other climate mitigation technologies is provided.
